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Chapter 1 A) 
Introduction Bee 


Abstract The book considers the relationship between governance and participa- 
tion, and the ways participation has been understood, framed, and applied in the 
context of synthetic biology (SB) governance. Based on questions about the scope, 
purpose, and responsibilities assigned to public participation activities, the authors 
present a literature review of policy reports and articles on SB governance. The brief 
identifies key characteristics of synthetic biology, such as the complex interplay of 
scientific, engineering and IT expertise in the field, as well as the ethical and practical 
challenges these characteristics pose in designing governance frameworks. Drawing 
on insights from the literature, the authors contest calls for “earlier” and “more” 
participation because such calls fail to consider the necessary structural adjustments 
and resources. They offer an approach and recommendations for improving participa- 
tory governance in SB by considering questions about skills, training, organization, 
finances, and normative principles that researchers and policymakers need to consider 
when designing participation activities. The analytical framework has potential appli- 
cations in other areas, including governance issues raised during health crises such 
as pandemics. 


Keywords Synthetic Biology - Emerging Biotechnologies * Governance + 
Participation + COVID-19 - Pandemic 


Researchers around the world worked tirelessly to find a vaccine against COVID- 
19, the disease caused by the coronavirus SARS-CoV-2 that still influences everyday 
life. The mRNA-based synthetic vaccine! produced by Pfizer-BioNTech was the first 
COVID-19 vaccine and third synthetic RNA therapeutic approved by the FDA (FDA 
2021; Pascolo 2021). It was authorized for emergency use a year after the outbreak”, 
and, along with other vaccine products, has saved millions of lives (Watson et al. 


! The mRNA-vaccine involves the synthetic replication of mRNA (messenger ribonucleic acid) 
that gets injected into the body and trains the immune system to build antibodies once SAR-CoV-2 
proteins are detected, rather than injecting a dose of antibodies upfront. 

? The World Health Organization (WHO) declared the COVID-19 outbreak a public health emer- 
gency of international concern on January 30, 2020. The vaccine was first available under emergency 
use authorization in the UK since December 2, 2020 and since December 11, 2020 in the US. The 
FDA authorized the marketing of the Pfizer-BioNTech COVID-19 vaccine on August 23, 2021. 
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2022)°. Hopes are high for synthetic biology (SB) to be one of the most promising 
technologies in diagnostics and therapeutics to fight the coronavirus and future infec- 
tious diseases (EU 2020; Khan et al. 2022; OECD 2021; Pascolo 2021; The Guardian 
2021; WEF 2021). 

Renewed attention for synthetic biology, and mRNA therapies in particular (The 
Economist 2021), has once again evoked questions about the potential risks and 
uncertainties in the field (Li et al. 2021). The coronavirus pandemic fostered devel- 
opments in gene technology and, more specifically, synthetic biology in unfore- 
seen ways. In the initial phases of the pandemic, studies on the public response to 
COVID-19 measures and therapeutics were limited (either regarding scope, medium 
or area). Research on public attitudes towards vaccines often focuses on sentiment 
and acceptance (Hu et al. 2021; Paul et al. 2022), vaccination policy (mandatory 
or optional), misinformation and debates about potential side effects rather than the 
risks of pathogen-related research (Chandrasekaran et al. 2022). The first mentioned 
research, whilst important, falls short of considering the constituting processes aimed 
at involving the public in the development of new biotechnologies. 

We argue that in times of crises it is important to uphold standards of transparency 
andto ensure public participation when it comes to the potential benefits and harms of 
synthetic biology to guarantee a democratically legitimized process and to safeguard 
trust in research institutions. While the ethical and social issues at stake have taken 
on a new urgency during the coronavirus crisis—not least with regard to a sustainable 
and fair global distribution of therapeutics—they are by no means new to the field of 
synthetic biology. Rather, they are at the heart of an ongoing debate about emerging 
biotechnologies and the question of how and when to involve the public(s). 

Synthetic biology is a field of biotechnology in which biological, chemical, and 
engineering processes, knowledge and skills are combined to synthetically create 
genetic materials, living organisms and biological systems (CBD 2016). It entails a 
number of social and ethical challenges, such as the relationship between the natural 
and synthetic, or the understanding of life and living (Braun et al. 2019)*. The focus 
on creating or replicating materials found in nature within the confines of scientific 
laboratories has led to a persistent view that societies will be skeptical about synthetic 
biology's potential advances in the fields of medicine, agriculture or food and energy 


However, the speed of COVID-19 vaccine development can also be attributed to a long history of 
mRNA vaccine research that facilitated the process (Dolgin 2021). 

3 A more recent study suggests that vaccinations “prevented 14.4 million deaths from COVID-19 
in 185 countries and territories between Dec 8, 2020, and Dec 8, 2021" (Watson et al. 2022). 

^ Recent findings in stem cell research have further fueled debates about the ethics of synthetic 
biology. Scientists at the Weizmann Institute of Science generated synthetic embryos from stem 
cells ex utero (Tarazi et al. 2022), which, for some, produced concerns about the boundaries of 
science in creating life. While the prospect of synthetic human embryos might still be far away, 
the rapid developments in research make it all the more important to engage with ethical questions 
today. 
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production. This in turn has led to calls for governance approaches to be more inclu- 
sive by creating spaces where publics can join in, contribute to, and participate in 
the research processes surrounding synthetic biology. Marris (2015) even argues that 
this view has given rise to a “synbiophobia phobia” in which researchers and policy- 
makers exhibit a fear of public fear, and a perception that the publics’ fear presents 
an obstacle to realizing the promises of synthetic biology research. 

While calls for opening research spaces for participatory efforts are not unique to 
synthetic biology, the field offers an interesting case to study the complex interactions 
between research, governance and public participation in emerging biotechnologies. 
In this brief, we argue that current governance approaches to synthetic biology fall 
short of providing practical orientations for researchers and policymakers when it 
comes to designing participatory activities. Drawing on insights taken from the liter- 
atures on the governance of synthetic biology, as well as governance and public 
participation in public policy, we offer 10 recommendations that provide guidance 
for those who design, or advocate for, participatory approaches in synthetic biology. 

Initial efforts in the field focused on health and medical applications of synthetic 
biology technologies, for example DNA vaccines and DNA-based gene therapy prod- 
ucts. Currently, SB is used by a number of companies to create non-health related 
products, such as synthetic vanillin or synthetic leather. In general, and adding to the 
complexity of communication efforts, there is a broad spectrum of positions within 
the SB community, ranging from academic research to civil society actors, biode- 
fence, the industry and DIY practitioners (Novossiolova et al. 2021). The perspectives 
of stakeholders on ethical implications of SB are equally diverse. While civil society 
organizations, such as the ETC-Group, caution against an industry-driven revolu- 
tion and catastrophic consequences for conservation (2012, 2018), others, early on, 
identified SB as the next global health innovation (Rooke 2013). 

In the COVID-19 pandemic, SB processes played a role in the race to develop 
a vaccine to prevent the disease, or to minimize the risk of serious illness. These 
examples illustrate the diversity of areas in which SB knowledge, skills and processes 
are applied, but once one begins to uncover the different contexts of these areas, a 
complex picture emerges with regard to designing more participatory governance 
approaches. Here, it is important to take a step back to consider the relationship 
between governance and participation, and the ways participation has been under- 
stood, framed and applied in SB governance. Basic but fundamental questions 
emerge: What is the purpose of participation? Who is responsible and who is held 
accountable for an engaging and effective participation? How can we provide the 
appropriate resources? And will participation change things for the better? While 
these questions concern the entire spectrum of the life sciences (and beyond), the 
interdisciplinary nature and manifold areas of application of SB pose particular 
challenges. 

The number of potential applications in health care, in the biotechnology industry 
and in research call for an understanding of governance that takes into account 
context-specific uncertainties. Researchers (e.g. Tait 2009, 2012) and (government) 
commissions (IRGC 2010; PCSBI 2010) have emphasized governance approaches 
that can adapt to the opportunities emerging from new scientific discoveries while 
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being aware of the potential risk for humans and the environment, as well as the inter- 
ests and values of the stakeholders. Along these lines, current approaches in SB gover- 
nance call for a more dynamic “art” of governance, understood as a “direct political 
engagement with non-knowing” that does “not rely so much on a chain-of-command 
or treaty-based establishment, but may be promoted through a transnational joint 
production of ‘orientational questions’” (Zhang et al. 2011, 24). 

However, the proclamational nature of those more dynamic governance 
approaches outruns the structural realities of the research environment. Especially 
when we perceive of governance not only as an “embodiment of reflexiveness, but 
the continuous provocation of reflexiveness among stakeholders” (Zhang et al. 2011, 
24, emphasis added), we need to ask: What are the (structural) prerequisites to enable 
and facilitate this specific understanding of governance? We argue that participation 
should be considered at different levels of governance—i.e. hard law, soft law, educa- 
tion, research impact, and research infrastructure—in order to guarantee a visible, 
critical, and yet constructive public engagement with SB. Participation is not limited 
to communicating the output of research projects, but is seen as an end-to-end prin- 
ciple. We propose six focus areas for these levels of governance that help to identify 
prerequisites and facilitate elements of genuine and effective public engagement. 

In this brief, we build on extensive reviews of the literatures on SB governance, 
as well as on governance and public participation in public policy, to underpin the 
argument that a focus on six areas—namely representation, communication, evalua- 
tion, resources, training and data management—is necessary to provide more speci- 
ficity and feasibility to SB governance frameworks that call for ‘more’, ‘earlier’ or 
‘better’ participation. In doing so, we hope to provide several practical orientations 
for researchers, regulators, industry, civil society organizations and policymakers 
involved in the governance of SB. We begin by identifying trust and justice as core 
values that underline calls for public participation in emerging biotechnologies. We 
then turn to a discussion of the literature on governance and public participation 
generally, and an overview of the literature on SB governance specifically, to demon- 
strate the paucity of practical recommendations of participatory efforts in SB. Finally, 
we discuss the development of a vaccine to prevent COVID-19 as an example that has 
brought the importance and practical implications of public participation in synthetic 
biology to the forefront of the science-society interface. 
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Chapter 2 A) 
Imagined Futures: Trust and Justice get 
in Synthetic Biology Governance 


Abstract The chapter discusses social and cultural implications and current areas 
of conflict in synthetic biology. Since there is the challenge of potentially misleading 
imaginaries and an overall uncertainty regarding research and application in the 
field, it is quintessential to consider the category of social trust as an underlying 
value that shapes our perception and acceptance of SB. Trust in synthetic biology 
cannot simply be guaranteed or established, but remains fragile. At the same time, 
there are conditions which make a leap of faith more likely. A central component of 
this is participation and a structure of governance that is aligned to an understanding 
of the complexity of negotiations between science, society, and economy. 


Keywords Risks - Precaution * Imaginaries of Synthetic Biology * Bioeconomy : 
Trust 


There are areas of conflict in synthetic biology that future efforts in participation 
will have to address. First and foremost, there seems to be a significant gap between 
the anticipated potential and risks associated with synthetic biology, its estimated 
market value (and distribution among different stakeholders, e.g. federal and private 
product research) and its status quo. While the global synthetic biology market for 
products is expected to grow from $9.5 billion in 2021 to $33.2 billion by 2026 
with a compound annual growth rate (CAGR) of 28.4% (BBC Research 2022), 
synthetic biology has still some way to go considering the technical constraints that 
limit data collection and analyses and the unreliability of output. Machine learning 
approaches are slowly generating more robust models of biological systems that 
will, in the long run, improve experimental design for future engineering strategies. 
Most experiments, however, are still based on a trial-and-error procedure (Karoui 
et al. 2019). The research impact and future market of SB also raises questions 
concerning the fair and equitable sharing of benefits within the global bioeconomy. 
All stakeholders in SB should consider the distributional justice questions from the 
perspective of their particular space of enunciation. Issues of inequality demand a 
structured dialogue that precedes and extends specific participatory modes and call 
for a broader awareness on all levels of governance. 

In general, social and cultural implications have moved to the center of atten- 
tion, emphasizing the role of different stakeholders, communities and publics for 
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the design of SB governance (Cummings and Kuzma 2017; ETC 2013; European 
Commission 2010; IUCN 2019; NASEM 2016; OECD 2014; Stirling et al. 2018; 
UNEP 2019; Wallach et al. 2018; Zhang et al. 2011). This shift ties in with broader 
discussions on the societal resonance of biotechnologies, prominently addressed by 
Jasanoff and Kim (2009, 2015), who have emphasized the importance of socio- 
technical imaginaries as collective visions of good and attainable futures. While 
this provides an important argument to unlock the potential of public participation, 
other critics have cautioned against the consequences of such imaginaries and their 
techno-utopian elements, which potentially distort the image of synthetic biology 
in the public and regulatory eye. In fact, “myths”, fueled by techno-fictions, the 
emergence of do-it-yourself communities and the potential implications of dual-use- 
research have shaped the “techno-epistemic culture of synthetic biology” where “the 
tension between the possible and the actual is a criterion of distinction between the 
various trends that constitute synthetic biology” (Bensaude-Vincent 2013). Jefferson 
et al. state that public discourse on synthetic biology and biosecurity “tends to portray 
speculative scenarios about the future as realities in the present or the near future” 
(2014). Furthermore, these myths define understandings of synthetic biology and 
shape policy narratives. The authors argue that current debates often focus on access 
to biological materials and digital information, yet it would be more productive to 
look at tacit knowledge that evolves from the interaction of different types of expertise 
and to shift attention to human practices and institutional dimensions. 

Another issue pertains to the uncertain nature of the field. Some of the impacts 
of synthetic biology and its biological and socio-economic benefits and risks are not 
yet foreseeable or predictable. Risk assessment has to be adjusted repeatedly due to 
the changing nature of the field itself—and even more importantly—due to changing 
socio-economic conditions and perceptions of synthetic biology. Hence, a purely 
technical risk assessment proves to be inadequate. The very emphasis on risk and 
the precautionary principle in the context of synthetic biology is under scrutiny and 
challenged by cost-benefit approaches, often presented within a broader scope, e.g. 
with an emphasis on values or/and the science-policy interface (Wallach et al. 2018). 

In this light, the notion of precaution has been reframed as a "sensitive and 
innovation-driven approach" that might be able to resolve the vagueness of emerging 
biotechnologies (Braun and Dabrock 2018). Such a vagueness can be described as 
an uncertainty within existing regulation frames regarding the future development 
of an emerging technology such as synthetic biology. A regulation framework as 
mentioned before is fundamentally in need of a robust setting of scientific as well as 
governmental institutions that are able to supply a framework capable of facing the 
speed of technological advancement and still provide orientation. Although providing 
such an orientation is a difficult task per se, the current institutional setting is further- 
more challenged by another development: While institutions are locally and nation- 
ally embedded, they are also confronted with a global scientific development where 
a scientific endeavour in other regions with a different research agenda has a massive 
impact on the local institutional setting. 

To deal with the described vagueness in a manner that is both theoretically 
ambitious and practically viable, a multidimensional methodology is required. This 
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includes a so-called first wave ethical assessment: the evaluation and weighing up 
of the intentions, prospects and risks of a certain biotechnology (in this case, of 
synthetic biology). Within such a first wave framing of potential risk, there is an 
increasing need for corresponding measures to be taken, as proposed by the German 
Ethics Council (among others) in its biosecurity opinion issued in 2014. 

The important and hitherto unsolved problem in dealing with the vagueness of 
emerging biotechnologies is how we can define and subsequently implement over- 
arching rules of conduct for a common international safety culture which addresses 
both the researchers which are institutionally embedded as well as those who are not 
(Trevan 2015). Thus, the aim must be to reinforce the position of labs and research 
institutions as highly reliable and trustworthy organizations in order to hold on to the 
trust placed in these institutions by the broader public (Siewert and Dabrock 2020). 
It is important to keep in mind that, while this trust exists, it remains fragile (Braun 
et al. 2015a, b). Even though it is necessary to engage in a broader debate about the 
possible basic principles for such a safety culture, of the key elements involved, the 
first should be a focus on the aims which science should pursue within different fields 
of application. The second priority should be the development of appropriate codes 
of conduct, and the third the establishment of international commissions which both 
monitor the processes used and help to improve the relevant codes of conduct. For 
the robustness of a safety culture as described before, it is crucial that the imple- 
mentation of such a strategy is to be understood as an institutional arrangement and 
becomes an integral part of routine daily actions. 

As à proactive measure, it is important to promote further self-reflexive critique 
in ethical exploration. Such a self-reflexivity can be successful if (as much and as 
intensively as possible) an upstream process of dialogue with the public is sought 
through a process that is both transparent and participatory (demonstrating public 
engagement with science). Such an endeavor requires a certain competence on the 
part of those initiating public engagement activities. But it is precisely in these 
communications and public negotiation processes that it becomes challenging when 
the subject of the research is either quite abstract or requires a high degree of detailed 
knowledge. 

However, in order to avoid misconceptions, normative questions have to be tied 
back to the actual state of research and more practical concerns of those working 
in the lab and those who will be affected outside of it—even though it requires 
biggerefforts in conceptualizing participation and in translating scientific knowledge. 
To put it more bluntly: A framework of trust and justice requires a reality check 
with everyone involved. A target-oriented communication of the specifics and actual 
results of research is the foundation of an effective activation of the public. 

In this way, this approach aims to confront the critical questions of biotechnology 
at the outset with publicly-expressed hopes, expectations and anxieties actively 
helping to shape the process of research decision-making on the basis of a broad 
range of public opinions. At the same time, it would be a fallacy to assume that it is 
possible to solve ethical problems primarily with procedural strategies. Formal stan- 
dards are necessary, but by no means sufficient as conditions of ethical reflection. 
Especially in recent times, the ideal picture of broadening public participation as 
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much as possible has begun to crack (Prainsack 2014, 2017). However, the converse 
point is also valid: Ethical reflections remain without effect unless corresponding 
criteria-led considerations are developed alongside strategies that are sensitive to 
how they are likely to be received. 

A responsible and trustworthy governance that keeps emphasizing the connec- 
tions between grand challenges and specific issues might enable a spirit of creative 
anticipation and willingness to partake in imagining the future. This, in turn, can 
become a guiding principle of policy and instrument of its legitimation. Participa- 
tion offers a way to enable a self-determined response to emerging technologies 
and thus provides an important tool to foster trust in SB research and applications. 
However, it is important to keep in mind the fragile nature of trust that is always 
based on “a relational mode of interaction that can in principle establish or enhance 
room for maneuver”, so that even distrust “has a fruitful function in that it helps 
to indicate emerging shifts in power, justification, or representation” (Braun et al. 
2021). 

In order to advance a strategy of effective Responsible Research and Innovation 
(RRD) governance which functions as more than window dressing, a third branch 
of responsible ethical reflection has been developed at the threshold of science and 
society. Empirical studies demonstrate that many people who welcome scientific 
progress have a very limited understanding of the enormous level of complexity of 
many research endeavours (European Commission 2014). Therefore, building trust 
in research projects often has to be shifted into a form of trust-building activity for 
institutions. Whereas, generally speaking, public institutions engender more trust 
than private organizations, the lines between public or basic research and develop- 
ment on the one side and private research and development on the other side are 
increasingly blurred. Moreover, the political framing in the EU and other countries 
also encourages publicly funded institutions to generate spin-offs and collaborate 
with companies in the respective field. 

Taking into account that public trust is often effectively granted more like a blank 
cheque, it remains precarious, since it is quickly withdrawn in cases of misuse or 
scandal. Whole branches of research, and not only the wrongdoer, can be affected 
by these incidents. In view of current challenges to democratic and civil society 
consensus-building, it seems enormously important whose knowledge and what level 
ofknowledge is recognized as expertise. Atthe same time, however, the recent history 
of biotechnological innovations and developments shows that disappointed trust in 
the face of the actions of individuals or institutions can lead to mistrust of an entire 
body of research. Such distrust would be misconceived if it were understood as 
merely the opposite of trust. On the one hand, mistrust can mean that trust has turned 
into distrust and that trust has been withdrawn from an entity, an institution or even 
a development. On the other hand, distrust also fulfills an important critical function 
in civil society: To whom are the gains and to whom are the risks of a technological 
development attributed? Is the attributed expertise really available, or is there aneed 
for further forms of expertise as a basis for public consensus? 

In this sense, putting trust in a technology, an institution, or certain processes 
could be understood as a wager between science, economy and society. The goal 
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of such a process is to arrive at conditions in which for those affected, trust and/or 
reliance is a good bet. Nevertheless, understanding trust and/or reliance as flowing 
from this kind of negotiation process is only one way in the understanding of trust. By 
giving trust or deciding to rely on an entity or institution, a specific relation between 
the person and the respective entity or institution is initiated. As some of us have 
argued, putting trust in an entity involves an element of risk, the willingness to get 
involved and commit to something, or in other words: giving a leap of faith (Braun 
et al. 2021). 

Of course, certain background conditions matter for whether or not such leaps 
occur. For societal trust in a new technology, for example, it matters that development 
processes are open, inclusive, and transparent. But given the foregoing, such condi- 
tions might not be sufficient. And even then, the endowment granted through a leap 
of faith remains fragile (Braun and Meacham 2019). For example, once violations 
of the trustor’s goodwill are perceived, trust may be withdrawn. This is a live possi- 
bility for synthetic biology, where ambiguous antecedent perceptions could easily 
tip towards skepticism, disappointment and resistance unless actual reservations, 
worries, and potentially destabilizing factors surrounding the technology are taken 
seriously (Trump et al. 2021). 

A central building block for responsible research and innovation in the field of 
synthetic biology is social trust in the persons and institutions involved. This cannot 
simply be guaranteed or established, but remains fragile. At the same time, however, 
there are conditions which, if fulfilled, make it more likely that a leap of faith will 
be made. A central component of this is social participation. Such participation 
comprises two levels: The first is the central question of how profits and risks are 
distributed. The second concerns the question of what forms of concrete participation 
exist. 

Participation can be a productive avenue to foster trust, even more so when partic- 
ipatory strategies are embedded in reliable governance structures. Before we can 
explore the prerequisites and the infrastructure of effective participatory activities in 
synthetic biology, we need to understand how governance has been conceptualized 
to deal with complex technological, ethical and social questions. Hence, in the next 
section, we discuss the challenges in designing governance frameworks generally, 
and for synthetic biology particularly. 
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Chapter 3 A) 
Approaches in Defining Governance de 


Abstract The chapter discusses how governance in emerging biotechnologies has 
been conceptualized to deal with complex technological, ethical, and social ques- 
tions. The authors explore the challenges in designing governance frameworks gener- 
ally and for synthetic biology particularly. An understanding of different approaches 
in governance, their advantages and disadvantages, can help us draw a more precise 
picture of what is being governed, by whom and how in the field of synthetic biology. 


Keywords Governance * Complexity - Deliberation - Decision-Making + Public 
and Private Actors 


3.1 Designing Governance Frameworks 


Governance is a term that is often used but rarely defined. It is used as a concept to 
describe how something—a policy field, a branch of research, an industrial sector— 
is managed, organized or regulated. Alternatively, it is used to describe the changing 
patterns of government activities, where formerly public spheres of activity are 
outsourced to private or quasi-public entities. Given these varied uses of the concept 
of governance, it is surprising that a discussion of the scope of the term is rarely 
included in governance reports and frameworks. The reason for this may be as simple 
as assuming that stakeholders in a given field know what is meant when applying the 
term, or the reason may be rooted in the pragmatic consideration of the need to avoid 
further complexity in complex subject areas. The validity of these possible explana- 
tions notwithstanding, a short excursion on the varied applications of governance is 
a helpful basis from which to develop recommendations for the governance of any 
sector, let alone a complex and innovative one such as synthetic biology. The excur- 
sion helps us answer important governance questions, such as what is being governed, 
by whom and how. These questions may appear simple, but as the next paragraphs 
show, both the academic literature as well as extant governance frameworks rarely 
explore even these most basic questions. 

A challenge in defining governance, and in outlining demarcations around its 
usage, is that there is not one particular literature to which one can turn. Governance 
branches many fields, different literatures, and diverse areas of public and private 
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life. The following sections should therefore not be read as an exhaustive discussion 
of governance theories, concepts and applications, but as a starting point from which 
to build governance frameworks for emerging biotechnologies. In political science 
and public policy, for example, governance is used as an umbrella term to describe 
the changes that many governments have undergone, or have undertaken, in the past 
decades. These changes encompass modifications to government styles, such as the 
opening up of spheres of activities traditionally thought of as being in the purview 
of governments to other entities such as quasi-public or private entities. Common 
explanations for these changes include the popularity of efficiency-driven approaches 
to the management of public activities such as new public management (NPM), which 
promotes the idea that government activities can be run more efficiently, and cost 
effectively, if they are run more like private organizations. Another explanation for 
the change in government styles, however, is the idea that ever more complex policy 
questions demand a more comprehensive involvement by society and stakeholders. 
In this view, the responsibility for decision-making becomes more dispersed, and 
spaces open up for the public to become involved in decision-making. This point is 
particularly relevant for the governance frameworks of science and research, and this 
report takes it up again in a later section. 

Along the lines above, Rhodes defines governance as “[...] a change in the 
meaning of government, referring to a new process of governing; or a changed 
condition of ordered rule; or the new method by which society is governed" (1996, 
652—653). Stoker builds on the definition by saying that governance connotes a differ- 
ence in processes in how government matters are handled or decided upon. He goes 
on to say: "There is, however, a baseline agreement [...] that governance refers to the 
development of governing styles in which boundaries between and within public and 
private sectors have become blurred" (1998, 15). By extension, the responsibilities 
for societal and economic action become blurred and dispersed between different 
actors, not just government actors. 

In addition to the changes in meanings of governments and processes of decision- 
making, others point out that governance is characterized by “ways of governing that 
are non-hierarchical, involve networks of actors, both public and private, determining 
policy (and regulation) through negotiation, bargaining and participation" (Weale 
2011, 58). It follows that governance is marked by processes of conversation, discus- 
sion and deliberation that are different from traditional top-down formats of govern- 
mental decision-making. In designing governance frameworks it is therefore essential 
to consider possible spaces (physical and otherwise) that will open up processes of 
decision-making to accommodate more interactive styles of communication. 

The list of definitional elements of governance is long. Greer et al. (2016) point out 
that governance concepts usually contain normative lists of values and attributes— 
good governance, scientific governance, research governance, public governance, 
deliberative governance, to name a few—that are arbitrary in their selection. In 
our view, the arbitrary assignment of values and attributes to different forms of 
governance leads to a lack of clarity on the purpose that the governance concept serves 
in individual settings. Using governance with an adjective (‘good’, ‘deliberative’, 
*discursive") is different from using governance to describe the way in which a field, 
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a sector, a research area, is structured and managed. The first carries normative 
connotations as to the quality of governance, whereas the second implies the need 
to make practical decisions with regard to designing governance structures. Both 
elements have intrinsic value and naming them allows stakeholders to distinguish 
between normative and practical aspirations of governance. 


3.2 Governance of Synthetic Biology 


There are a number of elements from the above excursion that are particularly rele- 
vant when designing a framework for emerging biotechnologies such as synthetic 
biology. First, governance approaches acknowledge that there is something inher- 
ently complex about the sector, the field, the question that is to be governed. Second, 
the governance literature acknowledges that decision-making and agenda-setting 
stand to gain from bottom-up rather than top-down approaches. Third, governance 
approaches place particular emphasis on the networks of public and private actors 
that make decisions through deliberative and discursive spaces. Rather than taking 
these three elements for granted, however, a holistic approach to the governance of 
emerging technologies demands that one examines the ways in which each of these 
three elements are relevant in a given area for which governance frameworks are 
proposed. 

Position papers and reports on synthetic biology (see for example DFG 2018; 
EASAC 2010) commonly provide explanations for why the governance of synthetic 
biology is particularly complex, complexity being the first of the elements identified 
in the discussion of the literature on governance. The explanations include the fact that 
synthetic biology, as a research field, is multidisciplinary rather than being confined 
to one branch of science; that the ‘outcome’, the products, of synthetic biology 
research are not easily named because much uncertainty still exist around future 
applications, which has implications for intellectual property rights (IPR); and that 
many of the benefits, as well as the risks, of synthetic biology are yet unknown, 
which in turn has implications for biosafety and biosecurity considerations. In other 
words, synthetic biology exhibits characteristics that give rise to complexity, which 
in turn demands governance. Lowi (1964) referred to such characteristics as issue 
characteristics and posited that the nature of certain policy areas or issues of public 
life are more complex than others, for example by giving rise to challenging ethical 
and moral questions. Different governance styles follow the different characteristics 
of issues, according to Lowi. The characteristics provide an answer to our original 
questions of what needs to be governed. 

Often touched upon, but rarely elaborated, we add issues of public or societal 
value, innovation, and timeline considerations to the list of issues that makes synthetic 
biology a complex emerging biotechnology. These concepts are notoriously hard 
to define, value-laden and controversial terms. Calls for the outcomes of science 
endeavours to be of public value, and for innovation not to be stifled through overly 
burdensome regulation, are common when talking about the governance of science. 
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However, public value and innovation are not neutral terms, and much like gover- 
nance they are rarely defined, meaning that stakeholders will work towards their own 
visions and versions of these concepts. This is exacerbated by the fact that the time- 
line for innovations in synthetic biology is uncertain, meaning stakeholders are faced 
with governing processes and outcomes that they cannot name, let alone ascribe a 
timeline to them. That is not to say that we should strive towards all-encompassing 
definitions of difficult concepts to which we can all subscribe, but that we need 
to be aware that the understandings of these terms will need to be negotiated, and 
re-negotiated, as emerging biotechnologies develop. Deliberative spaces that allow 
for iterative discussions and negotiation therefore acquire a special standing in the 
governance of such biotechnologies. 

The second element of governance is the recognition that decision-making and 
agenda-setting occurs in formats other than traditional top-down formats. Especially 
in synthetic biology, where scientific methods and relationships are still emerging, it 
is important to provide flexible decision-making and agenda-setting structures that 
allow researchers to take their research into unchartered territory, whilst heeding 
potential societal and political concerns over what will be found in this territory. To 
a certain extent, the recognition for more iterative decision-making is reflected in 
calls for an anticipatory and innovation governance approach to synthetic biology 
where governance frameworks can be developed and adjusted when innovations and 
scientific findings necessitate it. In other words, anticipatory governance approaches 
are an approximation to the question of how synthetic biology might be governed. 

Third, governance approaches place emphasis on the networks of public and 
private actors that make decisions through deliberative and discursive spaces. Here, 
deliberative governance has emerged as a concept to signify the trend of governments, 
private companies, and scientific communities to engage in more meaningful ways 
with their constituents (Hendriks 2009). Deliberative governance offers insights into 
the question of who governs in a particular sector. Itis rooted in theories of deliberative 
democracy that promote the idea that people who are affected by decisions (policy 
decisions or otherwise) should be involved in making those decisions. 

Several aspects directly affect the choice of adequate public engagement strate- 
gies: What part(s) of synthetic biology might be governed? How can they be governed 
and by whom and when? It is crucial to look at the ways participation has been under- 
stood in governance approaches on synthetic biology in order to identify future path- 
ways. We conducted an extensive literature review that aims to provide answers to the 
following questions: What is the particular value ascribed to participation in major 
policy reports and articles on SB? How is participation defined, framed and perceived 
in relation to the idea of governance? What role does participation play at different 
governance dimensions, from hard law to education? What is the level of analysis and 
consideration with respect to the variety of public engagement designs and purposes? 
The next section does not provide a conclusive survey of existing perspectives, but 
offers a summary of our findings, while highlighting certain developments and trends 
of a potential ‘governance though participation’ approach. 
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Chapter 4 GH 
Governance and Participation in Policy SC 
Literature on Synthetic Biology 


Abstract The chapter deals with the different positions in engaging the public(s) in 
the field of synthetic biology and provides an overview ofthe most prominent avenues 
in research, policy, and non-governmental action. Against the notion that participa- 
tion is merely “management of perceptions” or “informing the public”, the authors 
argue for a holistic perspective in participatory approaches that perceives of infor- 
mative and deliberative participation as equally valid degrees of activation. Further- 
more, the authors question an overall emphasis on either institutional or individual 
responsibilities in the dialogue with the public. 


Keywords Literature Review - Participatory Approaches - Stakeholders - Public 
Engagement 


There seems to be little disagreement over the argument that participation is an 
important asset and legitimizing aspect in the governance of emerging biotechnolo- 
gies. In fact, the Economic and Social Research Council has defined participation 
as one of the essential features of innovation governance along with precaution and 
responsibility to “‘open up’ scrutiny and accountability beyond anticipated conse- 
quences alone, to also interrogate the driving purposes of innovation. These qualities 
celebrate that innovation is not a matter for fear-driven technical imperatives, but 
requires a democratic politics of contending hopes” (Stirling 2015, 1). 

Along these lines and specifically tailored to synthetic biology, Wallach, Saner, 
and Marchant state: 


Any effort to improve the governance of synthetic biology should start with a rich 
understanding of the different possible science-policy interfaces that could help to inform 
governance. [...] Forging appropriate means for evaluating societal impacts, to the best 
of a corporation’s, industry’s, or government’s ability, is central to responsible research 
and innovation. Complex problems require a variety of expertise and sophisticated forms 
of teamwork and consultation. Policy-makers and process designers need to focus on the 
whole system: people, processes, and performance. (2018, 71) 


To secure the inclusion of the public in not only commenting but rather in 
being actively engaged in shaping the discourse of emerging technologies, Trump 
has argued that the involvement of non-governmental stakeholders provides an 
important feedback. It might help to “communicate to policy makers and regulatory 
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decision makers with respect to (i) realistic risk and benefit outcomes posed by 
emerging sciences, (ii) societal perception and response to such sciences, and (iii) 
aligning incentives and research goals for developers moving forward with respect 
to various areas of hazard, exposure, and consequence measurement for health risk” 
(2017, 1143). 

While most (and even diverging) governance proposals assume the positive effects 
of (public) participation (European Commission 2010; Friends of the Earth 2012; 
IRGC 2010; PCSBI 2010), long-term empirical work on the actual outcome of an 
embedded participatory approach and the resonance of different instruments in the 
diverse and specific contexts of synthetic biology is scarce. According to the National 
Academies of Sciences, Engineering and Medicine (NASEM) there is still a need for 
a structured and continuous engagement and the establishment of clearer engagement 
pathways: 

Governing authorities, including research institutions, funders, and regulators, should 

develop and maintain clear policies and mechanisms for how public engagement will 

factor into research, ecological risk assessments, and public policy decisions on gene 

drives. Defined mechanisms and avenues for such engagement should be built into the 


risk assessment and decision-making processes from the beginning. (NASEM 2016, 10, 
recommend. 9-5)! 


Taking a closer look at the ways participation is conceptualized, it is often framed 
and understood as ‘management of perceptions’ or as ‘informing the public’ (see e.g. 
Anderson et al. 2012; EASAC 2010). But participation is much more than public 
attitude research aiming to secure public acceptance. As Zhang, Marris and Rose 
argue: "[D]espite the growing attentiveness to public engagement, practice seems to 
resemble mostly a variation of broad-base conversation, or worse, public education 
or public attitude research. There seems to be little evidence that these endeavors, as 
currently formulated, can contribute to the governance of research practice" (2011, 
25). Inline with the argument of the authors, the literature review shows that there are 
only few approaches that actually work with a nuanced and innovative understanding 
of participation. In the following we will address some of the more prominent and 
substantive examples. 

While not directly aiming at the governance of synthetic biology, the Nuffield 
Council for Bioethics provides important incentives for emerging biotechnologies 
by promoting a "public ethics discourse" (2012) that puts deliberation and public 
exchange at the heart of governance strategies. In this vein, the International Risk 
Governance Council (IRGC) has argued for a more structured dialogue between risk 
assessors, scientists, regulators and the full range of stakeholders to identify relevant 
developments, evaluate the appropriateness of current risk assessment and regulatory 
frameworks. This would enable a discussion about potential risk management options 
and their interactions with technology development as a basis on which to build risk 
governance strategies. The IRGC even proposes to seek new forms of communication 
and dissemination that reach beyond the traditionally didactic approaches of the 


! While the NASEM report focuses on gene drives, the argument is also applicable to the field of 
synthetic biology. 
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“public understanding of science’, exploring the interactions of science, technology, 
policy and society by using theatre, enactments and structured debate. Dialogue 
around shared interests could lead to more creative regulatory solutions that avoid 
polarization or “the imposition of a single set of values that unnecessarily constrains 
the opportunities available to society at large” (2010, 39). Adding to this call, Douglas 
and Stemerding (2014) also argue for more experiments in anticipatory governance 
and an open deliberative discourse. 

SYNENERGENE, a four-year project supported by the European Commission 
and established to create an open dialogue on the risks and benefits of synthetic 
biology, developed context-specific modules and evaluated methods via stakeholder 
workshops and other forms of participation. The project emphasized governance as a 
"learning process” and called for open spaces to deliberate on cultural and religious 
values (rather than opinions). The project partners criticized currents trends, which 
try to tackle grand challenges, e.g. risk assessment and potential harm from techno- 
logical and more recently data and Al-driven systems in the field, pushing aside the 
much needed societal exchange on innovative practice, on entrenched conflicts and 
wicked problems. In the course of the project, trading zones were organized in Europe 
and the USA for honest discussion on whether research agendas reflect society’s 
values. A move from risk to innovation governance as envisioned by SYNENER- 
GENE requires institutional change, in addition to new tools for regulators, as well 
as the development of open public—private partnerships into public—private-societal 
partnerships (SYNENERGENE 2017). 

More recently, Stirling, Hayes and Delborne emphasized the opportunities and 
barriers that exist to substantive public engagement and participation in risk-based 
governance frameworks. The authors analyze different steps wihthin a risk assess- 
ment process where public participation would be more or less essential and easy 
(or hard) to facilitate in view of social appraisal. While they see much potential— 
also with respect to the diversity of practical participatory methods—they also draw 
attention to the obstacles of “practical extensions of existing procedures in order to 
enable meaningful participatory deliberation” (2018, 49). All in all, the authors argue 
that “questions around benefit and harm must be directed to the potential pros and 
cons associated with a diverse array of alternative policy options” (47). 

Other notable avenues include Cummings’ and Kuzma’s (2017) Societal Risk 
Evaluation Scheme (SRES), the application of the TAPIC framework (transparency, 
accountability, participation, integrity, capacity) (Trump 2017), or Wagner’s and 
Bollaert’s extension of the “7P” approach (2013), which defines the seven key inter- 
vention points (Principal Investigator, Project, Premises, Provider, Purchaser, Public, 
and Publisher) among stakeholders to address the governance of synthetic biology 
(for origins of approach see Kelle 2009 and 2013). 

Another very important impulse for the shift towards participatory approaches ties 
back to a deeper understanding and emphasis of cultural and social implications of SB 
and a focus on motivations of actors and stakeholders shaping the field. This implies 
a departure from concerns about ‘hard’ impacts relating to tangible technological 
risks for human health and the environment towards ‘soft’ impacts relating to the 
complex and often unintended ways in which technologies may transform individual 
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behaviors, public attitudes and values, social relationships, and economic balances 
of power (Douglas and Stemerding 2014, see also IUCN 2019). 

Civil society organizations further strengthen the agency of public actors and 
different communities that might be affected by synthetic interventions. For instance, 
the ETC Group, a civil society organization concerned with the impact of emerging 
technologies on society’s most vulnerable members, claims that oversight has to be 
developed with full participation of the public, which means that the public “must 
have the legally enforceable right to halt dangerous applications, not just comment 
after decisions have been made”. Furthermore, the initiative demands effective partic- 
ipation “throughout the entire decision-making process related to the development of 
synthetic biology and the products of synthetic biology, including setting the research 
agenda, the context and the scope of the risk assessment” (2012, 9). 

Notwithstanding the importance of a “right-to-know”, it remains equally impor- 
tant to be aware of the bias in engagement (IUCN 2019). While there have been 
concerns voiced by NGOs and scholars about the respective interests of those 
involved, particularly where engagement is initiated or facilitated by proponents 
of technology (IUCN 2019), one has to keep in mind that transparency and honest 
assessment of interests and values must refer to all actors in the field—including 
non-governmental organizations (Tait 2009). 

While Zhang et al. (2011) and others have a point in criticizing a purely deficit- 
oriented understanding of participation and although the field sees innovative, 
prospective and inclusive approaches, there seem to be at least three major shortcom- 
ings that we want to address. First, even the more dynamic and elaborate conceptions 
of participation often make use of rather abstract and ideal notions of the concept 
of “the public” (singular). Second, most of the reports and policy papers focus first 
and foremost on the governance of science policy regulations (research practice, 
patents and applications) and thus limit the scope of impact to the realm of soft 
law (see e.g. Köchy and Hümpel 2012). Third, the responsibility of appropriate and 
transparent communication is assigned primarily to the individual researchers or 
(interdisciplinary) research councils (see a.o. DFG et al. 2009; EASAC 2010; Köchy 
and Hümpel/BBAW 2012; Royal Academy of Engineering 2009a, b, 2011). 

With regard to the first objection, we need to ask who we consider to be the 
public(s) and the stakeholders? What are the specific interests and values ascribed 
to those positions and how can we make sure that they match the realities of those 
concerned? While it makes sense to differentiate between different interest groups 
and their level of involvement, the National Academies of Sciences, Engineering, and 
Medicine (NASEM) has problematized the arbitrary nature of grouping people into 
categories such as “communities”, “stakeholders” and “public” (2016). The question 
remains crucial since the purpose of participation is dependent on a well-defined 
target group and the analysis of their needs, fears and hopes in order to find effective 
instruments of activation—especially since the perception of synthetic biology varies 
among different groups and contexts (see e.g. conservation and genetically modified 
plants vs. synthetic products such as vanillin or synthetically produced vaccines and 
drugs). In this respect, public attitude research shows that the perceptions of the field 
display a broad range of hopes and concerns for science and the acceptance of novel 
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and potentially innovative methods is often conditional (Bhattachary et al. 2010; 
Leopoldina 2015). 

The scope and designated sphere of deliberation (code of conduct, public partici- 
pation, risk assessment, training and education etc.), the definition and scale of actors 
involved, and the forms and standards of evaluation are often only vaguely deter- 
mined. In addition, while many call for participation (usually in the form of public 
engagement), the purpose, implications and practical consequences in terms of the 
regulatory decision-making process and the ways bottom-up deliberation should find 
its way into effective governance strategies needs for more nuanced and empirically 
grounded answers. With the advent of the upstream public engagement approach 
“informative” and “deliberative” participation often come across as two opposing 
poles, where the first is increasingly demoted as too expert-oriented and ignorant 
towards the valuable knowledge of the different “publics” and the latter has become 
synonymous with a more inclusive and democratic approach, they rather present 
different degrees of activation, which might be equally valid depending on their 
purpose within a specific project design. 

Finally, in most policy papers and reports researchers or/and research councils are 
held responsible for initiating and maintaining a transparent and open dialogue with 
the public. The exclusive emphasis on either institutional or individual responsibili- 
ties seems short sighted and needs further exploration and concretization concerning 
the specific expertise required to initiate and maintain effective participation. What 
structural innovations are necessary to enable and facilitate said dialogue and what 
are the challenges and potential future pathways with regard to the roles, values and 
interests involved? 

Given the frequent calls for more and better stakeholder and public involve- 
ment in reports on synthetic biology, we take cues from the literature on delib- 
erative democracy and public participation in policymaking to illustrate what 
formats of participation might be conducive to meeting the demands for anticipatory 
governance. 
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Chapter 5 A) 
Governance and Public Participation SC 


Abstract The chapter discusses different objectives of public participation in 
synthetic biology and suggests six focus areas across all governance dimensions, 
hard law, soft law, education, research impact, and research infrastructure, to design 
effective participation in synthetic biology. The authors identified three focus areas in 
participation—communication, representation, and evaluation—that are of particular 
importance for ensuring trust and justice as core values of SB governance. In addition, 
three intersecting focus areas in governance provide incentives for decision-making: 
resources, training, and data management. Furthermore, the authors highlight the 
question of responsibility as an area that requires special attention. 


Keywords Objectives of Participation - Focus Areas, Communication - 
Representation, Evaluation * Resources, Training - Data Management - 
Responsibility * Formats 


As outlined in the review of the literature and the policy reports on the governance of 
synthetic biology, calls for deliberation and public participation are rarely followed 
up with an elaboration of what deliberation and public participation would or could 
look like in practice. Moreover, this literature includes a strong focus on deliberation 
without distinguishing deliberation from other forms of participatory practices 
in science and policy. These observations are not dissimilar to critiques levelled 
against proponents of deliberative democracy, namely that the theory of deliberative 
democracy is often not matched by a reflection of its practical implications (e.g. 
Newell 2010). This, however, is not to say that there have not been significant 
efforts to improve public participation in emerging biotechnologies. Einsiedel 
(2012) provides an overview of, as she calls them, a number of experiments with 
public deliberative processes in several countries in the 1970s and 1980s following 
the first discoveries of the possibility of transfer of genes across species through 
scientific intervention. She shows, however, that these experiments were largely 
restricted to one format of deliberation: consensus conferences. While consultations 
on biotechnologies and, as some (e.g. Newell 2010) label it, efforts at democratizing 
biotechnologies are ongoing, the practical implications of improving public partici- 
pation and deliberation are often mentioned as a sidenote, if at all. If, as the literature 
suggests, participation and deliberation are key to developing more effective and 
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anticipatory governance structures in synthetic biology, then we need to consider 
what that means with regard to infrastructure, training, resources and organization. A 
failure to do so runs the risk of resulting in few, ineffective, tokenistic or ambiguous 
modes of participation that neither help the perception of synthetic biology at the 
science-society interface nor the effective governance of the field. Drawing on 
insights from the literature on public participation in policymaking, this section 
offers an exploration of what a more meaningful approach to public participation in 
the governance of synthetic biology could look like. 

Public participation in governance and policymaking mainly refers to participation 
as political participation, that is "taking part in the processes of formulation, passage 
and implementation of public policies" (Parry et al. 1992, 16). Bishop and Davis 
define policy participation as "[...] a mechanism deployed by politicians and officials 
to expand those voices heard in the decision process" (2002, 26). According to Bishop 
and Davis, definitions of public participation usually include some, if not all, of the 
following features: (a) A measure of citizen involvement in decisions otherwise in the 
prerogative of governments; (b) A commitment to seeking views of those affected by 
a decision; (c) A transfer of authority from governments to citizens; (d) A transparent 
process which ensures citizens are informed about policy processes and decisions. 
The rationales for public participation are varied, but often rooted in what is labelled 
the democratic deficit, that is an apparent disconnect between the governing elites 
and the citizens in liberal democracies. As discussed in the section on the roots and 
definitions of governance, this rationale leads to calls for more deliberative forms 
of governance coupled with the view that policy issues, in science as well as other 
fields, are increasing in complexity. 

This is important to note against the background of calls for more deliberation in 
the governance of synthetic biology, for while deliberation is a form of public partic- 
ipation, not all public participation is a form of deliberation. Deliberation is a mode 
of participation useful in specific instances, usually with a pre-defined purpose or 
goal: “Deliberation refers either to a particular sort of discussion—one that involves 
the careful and serious weighing of reasons for and against some proposition—or to 
an interior process by which an individual weighs reasons for and against courses 
of action" (Fearon 1998, 63). While deliberation is a powerful technique at the 
disposal of scientists and policymakers who are interested in opening avenues for 
critical public discussions, it is best employed for questions or issues that require 
careful deliberations, such as difficult moral or ethical issues in synthetic biology. As 
Rowe and Frewer (2004) point out, one also has to take into account the difference 
between public engagement activities that are geared towards policy decisions and 
those aimed at fostering the discourse about science and technology (emphasis on 
informal spaces of exchange). Designing participatory activities therefore raises the 
need to be specific about, and reflect upon, one's goals and objectives in involving 
the public. Here we would also argue that there is no predefined restriction on when 
to organize public activities (as advised by the Royal Society in 2004 with respect 
to nanoscience), but rather, one has to look for thresholds, where public activation 
would be productive. 
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For participatory efforts to be meaningful, the desired outcome, that is the intended 
influence of the public rather than the content of the outcome, needs to be specified. 
Here, the questions that policymakers, scientists and regulators need to think about 
when developing formats for participation are numerous. First, one needs to ask what 
goal participation in synthetic biology should serve. When involving the public in 
research activities, is the goal to change or adapt the activities or merely to inform 
the public about the developments in the field? When involving the public in regu- 
lation and policymaking activities, is the objective to change and adapt regulations 
or codes of conduct or is the objective to say that one has consulted the public, even 
if the end result remains unchanged? Is the goal to find out how the public view 
the societal value of new emerging biotechnologies such as synthetic biology in 
order to design research projects that reflect this view? In what follows, we suggest 
different objectives of public participation in synthetic biology. This list should not 
be read as an exhaustive list, but as an illustration of the varied formats that public 
input in synthetic biology could have. In the governance of synthetic biology, public 
participation could serve the following purposes (Fig. 5.1). 

The list suggests that public participation in synthetic biology can happen at 
different levels of governance. As Bishop and Davis (2002) say, finding the appro- 
priate mode of participation depends on the goals and purposes of participation. In the 
case of synthetic biology and other emerging biotechnologies, this implies that the 
purposes of participation are likely to be different at different levels of governance. 


5.1 Focus Areas 


In the following we identify six focus areas across all governance dimensions, hard 
law (national and international regulations and laws), soft law (codes of conduct, 
eg. by professional associations or research laboratories), education (training and 
skills for scientists, researchers and students), research impact (i.e. the outcomes 
/products emerging from research), and research infrastructure (funding structures, 
public/private research & development). Taken together, the elements represent the 
policy and regulatory spheres in which synthetic biology is governed as a scientific 
and biotechnical field. 

We identified three focus areas in participation— communication, representation, 
and evaluation—that are of particular importance for ensuring trust and justice as core 
values of SB governance. In addition, we emphasize three intersecting focus areas 
in governance, which are decisive for future endeavors: resources, training, and data 
management. Taken together, we suggest that these six areas represent dimensions 
of public participation and governance that need to be considered and reflected upon 
by policymakers and those intending to organize participatory activities in order to 
ensure meaningful participation and deliberation in the field of synthetic biology. 
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INFORM 

the public about the nature of synthetic biology, its latest developments, its 
potential risks and benefits, and its applications (Possible format of participation 
public information campaigns, scientific panels open to the public) 


CONSULT 

the public about specific applications, for example to gather feedback on the 
value and perceived usefulness of a given application by the public. Would 
participants use the application? If not, why not? (Possible format of 
participation: Focus groups, public hearings, surveys on websites). 


CONSULT 

the public about regulatory requirements, for example when legislative changes 
become necessary because of emergent risks, benefits or new applications 
(Possible format of participation: Surveys of consumer or patient groups; online 
or in-person consultation processes in which participants are invited to state their 
views). 


GATHER 

feedback and input into research agenda-setting similar to co-production 
activities between researchers and patients in health care (Possible formats of 
participation: Focus groups or standing committees of stakeholder groups such 
as consumer or patient groups). 


DELIBERATE 

with members on the possible controversial ethical, moral and societal 
implications of research endeavours, either on specific synthetic biology projects 
or on synthetic biology more generally (Possible formats of participation: 
citizens' juries, citizens' conference, standing citizens' councils) 


ADVISE 

scientists, policymakers and regulators on regulatory needs, appeals procedures, 
research design phases, peer reviews (Possible format of participation: standing 
citizens committees or advisory groups, public representative on peer review 
committees) 


Fig. 5.1 Objectives of public participation in synthetic biology 


5.1.1 Focus Areas in Participation 


5.1.1.1 Communication 


When we consider aspects of communication in emerging technologies, the focus is 
usually on knowledge transfer and the presentation of research output to the public. 
Yet, communication is multifaceted and also pertains to the purpose of a participa- 
tory activity, the framework (scale, topic, timing), and the existing communication 
infrastructure. The latter also includes the communicative processes between those 
planning a participatory exercise and the public(s), industry, legislators, as well as the 
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respective media channels. Last but not least, communication also relates to moni- 
toring and evaluation in the sense that transparency about the impacts of participation 
requires open communication. 

Science depends on international exchange, research is not bound to the national 
context and should not be limited to certain social groups. In order to reach different 
communities, and to communicate in a context-specific and culturally sensitive way, 
investmentin better communication plans should be an ongoing process. This process 
requires long-term communicative strategies and goals, and it demands better training 
in science communication, for example in SB Masters and PhD programmes. 


5.1.1.2 Representation 


As many have pointed out (e.g. Abelson et al. 2007; Mitton et al. 2009; Weale 
et al. 2016), it is often not clear who the public is when policymakers, regulators or 
researchers talk about public participation. For obvious practical reasons, the term 
public cannot mean the whole population of a given country, so public participation 
activities require the selection of a sample of individuals from a given population. 
There are multiple questions the people in charge of organizing public participation 
have to ask: Is the goal to gain an insight on public views understood as a sample from 
a given population? Is the goal to involve the people who are most likely to be affected 
by innovations in synthetic biology, that is patients and consumers for example? If 
the latter, who does one turn to, individuals or interest and advocacy groups who 
represent the voices of those affected? In any mode of participation, how can one 
ensure that views and voices are accurately represented, and not dominated by special 
interests? 

These are complex questions, the answers to which will most likely never be defi- 
nite, but the engagement with it will contribute to building reflective public partici- 
pation formats in the governance of synthetic biology. Once again, the answers are 
likely to depend on the purpose and the nature of a given participatory exercise. For 
some participation types and objectives, it might be useful to engage with interest and 
advocacy groups, for others one might wish to bring together people from different 
walks of life to gather input on questions of broad societal relevance. A careful 
consideration of whom to include in one’s participatory efforts will also influence 
the evaluation of these efforts. In other words, determining the objective of partici- 
pation will usually reveal the participants one wants to reach, which in turn affects 
the evaluation of the outcome and process of participation against one’s original 
objectives. 

Awareness for the needs of different groups is not only a question of access and 
representation in participatory activities, but also refers to addressing the provision 
of safe spaces, where people can voice their concerns. These issues tie back to other 
focus areas and trigger a range of interrelated questions: Are minorities adequately 
represented and involved? What have been successful strategies in creating and main- 
taining diversity in public engagement activities, and how can they be implemented 
across different projects in SB? 
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At the same time there are also differences in the question of who initiates 
the dialogue, for example organized civic society groups, state-initiated research 
programs, global independent research councils, private-public partnership projects? 
What are the interests, needs and expectations of those in charge? Public engagement 
even today is primarily in the hands of experts but when talking about representation 
the different forms of expertise and the balance and mediation between lay and expert 
knowledge becomes extremely important. 


5.1.1.3 Evaluation 


The need for specificity in one's objectives raises another important topic, that is the 
question of how to evaluate whether participatory activities have been successful or 
effective. The literature on the evaluation of public participation (e.g. Abelson and 
Gauvin 2006; Rowe and Frewer 2000, 2004) points to a paucity of empirical studies 
evaluating the success and effectiveness of public participation, which is explained 
by highlighting the challenges that emerge when seeking to evaluate public partic- 
ipation activities. According to Rowe and Frewer (2000) such challenges include 
the lack of agreement on a set of criteria against which to evaluate participation 
efforts. Moreover, what counts as successful or effective or, to use another set of 
evaluation terms, ‘good’ or ‘bad’ participation is context-specific and dependent on 
careful reflection on the objectives of public participation alluded to in the previous 
paragraphs. 

To address this so-called evaluation gap, Rowe and Frewer (2000) propose an eval- 
uation framework for public participation. The framework is divided into acceptance 
criteria— “related to the effective construction and implementation of a procedure" 
(Rowe and Frewer 2000, 11)—and process criteria that refers to the acceptance of 
a procedure. The acceptance criteria include principles such as representativeness, 
independence and influence, the latter referring to the ideal that any output of a given 
process should have a genuine impact on policy or, for our purposes, on research 
practices and regulations. 

This gives rise to another important criterion, namely transparency about how 
public input was used, and what effect it had on the ultimate decision taken. This 
is where the areas of evaluation and communication are interlinked. Rowe's and 
Frewer's (2000) process criteria include task definition (being clear about the nature 
and scope of a given participatory exercise), resource accessibility (providing partici- 
pants with the resources needed to fulfil their participatory roles), a form of structured 
or formalized decision-making (e.g. a specific format of participation such as a focus 
group) and cost effectiveness. While the individual evaluation criteria have been 
adjusted in various ways, the distinction between ‘outcome’ criteria and ‘process’ 
criteria appears as a common thread in the literature on the evaluation of public 
participation, which remains largely theoretical rather than empirical (Abelson et al. 
2003; Abelson and Gauvin 2006). Evaluating public participation through the lens 
of outcome and process criteria underlines that public participation is not an end 
in itself, but that it offers a menu of possible modes and formats (processes) that 
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aim to achieve an end (outcome). The effectiveness of public involvement needs 
further research and empirical data (Rudenko et al. 2018) and the acknowledgement 
of critical voices such as Wolt and Wolf (2018), who have cautioned against certain 
downsides of public comment when it comes to the approval of SB products. 

“Lessons learned” should be made accessible for future SB projects. A central 
and collectively maintained and updated platform for participation in SB projects 
can facilitate the exchange of experiences on how to plan and install participatory 
elements. Such an infrastructure would help to minimize costly and time-consuming 
trial-and-error phases, and allows for a more sustainable testing of different methods. 
The actual implementation and maintenance (also with regard to data security) should 
not be project-based but rather thought of as a permanent structure that needs a place 
within EU or global science counseling. 


5.1.2 Focus Areas in Governance 


5.1.2.1 Resources 


There seems to be an implicit assumption that the responsibility for coordinating and 
organizing public participation activities in synthetic biology lies with the research 
community. This implicit assumption raises questions regarding the infrastructure 
of research communities that are not adequately addressed. Organizing meaningful 
participation requires skills and experience, time and financial resources. Especially 
costs are a significant barrier for researchers, sponsors and participants (Stilring 
et al. 2018, 48-49). Deliberative formats of participation require extensive time for 
preparation, and frequently involve the hiring of external moderators to support the 
facilitation of citizens’ conferences for example. Issues of synthetic biology pose 
challenges in this regard. Due to their complex technical nature, the translation of 
production processes and modes of action “require a high degree of training or a 
significant amount of editorial effort to demystify the language” (Stirling et al. 2018, 
48). In the end SB public engagement might occasion higher costs in designing appro- 
priate and effective modes of interaction while the value of shared perspectives and 
knowledge is difficult to measure. Costs and benefits should be balanced—keeping in 
mind that achievements might be hard to quantify and yet every genuine effort holds 
the potential for relationships, trust, and insight. In the long run, willingness to invest 
will be an important factor of credibility for everyone involved (Stirling et al. 2018). 

This also applies on the level of research funding.! Resources for staff training 
and for the organization of public participation should be included in funding appli- 
cations. This has been the case for many major projects. Especially synthetic biology 


! Tn terms of funding, synthetic biology has been the subject of long term governmental efforts. 
The US and the UK in particular provided early road maps for the development of the field. The 
European Commission (EC) initiative on New and Emerging Technologies (NEST), the Horizon 
2020 and the national funding agencies played a vital role for the advancement of SB research 
(Donati et al. 2022). 
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has seen a fair amount of "public acceptance" research (see e.g. Leopoldina 2015). 
As Marris and Rose argue: “For reasons that may be genuine or symbolic, ‘public 
engagement' has become almost obligatory in major programmes of publicly funded 
research aimed at the development of novel biotechnologies" (2010). There are 
numerous inspiring initiatives of public participation and institutions promoting 
public engagement activities in biotechnology. The EU Horizon 2020 on Public 
Engagement in Responsible Research and Innovation, ELSI and the Human Genome 
Project as well as other programmes have been at the forefront in establishing 
standards and in defining ethical guidelines. 

However, compared to other funding areas, societal and ethical aspects of SB 
research still make up only a small percentage. In a 2010 survey on the trends in 
synthetic biology research funding in the US and Europe, the Woodrow Wilson 
International Center for Scholars concluded that since 2005 the U.S. government 
had invested approximately $430 million on research related to synthetic biology, 
but only 4% of the money was used to examine the ethical, legal and social impli- 
cations of synthetic biology. The European Union and three European countries had 
spent approximately $160 million on synthetic biology research with around 296 
going toward implications research (Woodrow Wilson Center 2010). At the same 
time, the funding allocated to societal aspects of SB subsumes a number of different 
disciplines, methods and topics. Research on or through participation is just one 
aspect among many. 

In fact, what seems missing is a long-term approach beyond specific funding 
lines, serious efforts to turn the lessons learned into funding strategies, and an aware- 
ness concerning the changing expectations and demands posed on researchers when 
participation is taken seriously as an operating mode of governance. 

These are merely examples ofthe practical questions that need to be addressed with 
regard to research infrastructure. At the very minimum, there needs to be transparency 
about what resources, financial and otherwise, are required to meet participatory aims 
in synthetic biology. 


5.1.2.2 Training 


How can we promote motivation and skill for public engagement on the part of 
researchers, research councils, and policy representatives to create attention and 
inspire enthusiasm in the public(s)? To ask what scientists can do for the acknowl- 
edgement of SB research first and foremost requires a self-reflective process and an 
understanding of how the publics are perceived and understood in different scien- 
tific contexts (Hansen 2010). It is important to provide orientation throughout this 
process. The interdisciplinary public dialogue organized by the BBSRC and EPSRC 
offers a set of guiding questions that researchers working in the field might consider 
at each and every step of their endeavor: “What is the purpose?"; “Why do you want 
to do it?"; “What are you going to gain from it?", “What else is it going to do”; and 
“How do you know you are right?” (Bhattachary et al. 2010). At times, researchers 
might find it hard to leave their comfort zone and to make their findings accessible 


5.1 Focus Areas 37 


within established frames of interpretation—not least for ethical reasons (Dudo and 
Besley 2016). The American Association for the Advancement of Science (AAAS) 
has emphasized that a focus on responsiveness, resonance with values, and mutual 
learning are not common within much of the science community. Here it is crucial to 
develop “a new understanding of the intent and ethics of framing as a communication 
strategy, in a way that resonates with a scientific worldview” (2016). 

Concomitantly it requires adequate time and resources to explore ethical ques- 
tions and wicked problems of SB, while at the same time researchers need to be 
well versed in the methods and practical implications of PE. Research and funding 
institutions need to find ways to accommodate public engagement education into 
research agendas and training programmes, without further pressure on scientists to 
integrate an additional demand. This also affects institutional cultures and the will- 
ingness to reach out and alter standards of scientific gratification (and certification). 
Last but not least, there are of course national differences and expectations regarding 
the societal role and function of scientists that have to be taken into account. 


5.1.2.3 Data Management 


Digitization and digital culture bring new challenges with respect to the activation 
and recruitment of different social groups for participatory activities. While access 
and data management play a major role, there is also the aspect of digital literacy. At 
the same time, digital participation might offer additional opportunities to address 
audiences that are often hard to reach through more traditional recruitment processes. 
This requires a certain openness with regard to new media channels and formats, and 
an expertise on how to employ media communication. Ethical dilemmas connected 
to aspects of empowerment and corporate hosting (e.g. the use of commercial confer- 
ence tools) have to be considered throughout the entire process of communication. 
Practitioners also have to be aware that the methodological landscape, and with it 
established conventions and standards, might alter. Will there be certain formats 
and activities that prove to be more suitable for the digital realm, and how does 
that affect the range of possibilities? Will online surveys and consultations prevail, 
simply because they seem easier to handle with respect to data management and 
the evaluation of results? What happens to the informal in-between spaces at citizen 
conferences and forums? How can they be transferred into the digital arena? 

The same holds true for the visibility of certain topics. Seemingly less promi- 
nent issues in synthetic biology might be neglected due to prevailing healthcare 
issues, such as the COVID-19 pandemic. Those responsible for public activation 
will have to be innovative to gain traction for their involvement strategies. Finally, 
questions of representation do not lose their significance. It remains to be seen if 
digital participation will be able to assemble representative positions here, as the 
digital communication spaces are prone to discrimination of certain socio-economic 
groups. 
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5.2 Responsibility 


In addition to the above focus areas, we highlight the question of responsibility as an 
area that requires further attention. While the question of who the stakeholders are, 
has been a topic of reflection in a number of policy reports, a careful assessment of 
who is responsible for ensuring meaningful public participation is often neglected. 
It is important to look at the different interests, fears and hopes of those involved, 
and the ways they are connected to individual and institutionalized moral, legal and 
social responsibilities. In practice, the criteria and standards required for the attribu- 
tion of responsibility depend on the specific circumstances and existing framework 
conditions under which people carry out their actions. Intention and intent, skills 
and knowledge, tasks and roles, the work environment and legal regulations are 
factors that must be taken into account when attributing responsibility (Heidbrink 
2003, 30ff.). 

We draw a distinction here between responsibility and accountability. Account- 
ability usually has legal and political connotations, at least in liberal democracies. To 
be accountable for an action, an outcome or a policy means that a person or legal entity 
can be made answerable for her actions and the resulting consequences. Appeals 
procedures or parliamentary investigative committees are examples of institutions 
that serve the goals of finding out who or what is accountable for a specific outcome 
if something goes wrong. The distinction between accountability and responsibility 
emerges in the sense that one can be accountable for an action or an outcome without 
having been responsible for it. 

In relation to participation in the governance of synthetic biology, the above 
thoughts demand a nuanced reflection about who is responsible for carrying out 
participation activities. We refer to responsibility here as the act of organizing and 
conducting participatory exercises, which includes the responsibility of ensuring 
that outcomes of these exercises are adequately considered in future research. 
Researchers, research funders and stakeholders all hold responsibilities with regard 
to the improvement of public participation in emerging biotechnology research. In 
the next paragraphs we elaborate on these responsibilities. In line with our concerns 
for the practical implications of calling for more public participation in synthetic 
biology, our focus here is on responsibility rather than accountability. The discus- 
sion on responsibility shines a light on some of the practical challenges of improving 
public participation, whilst a discussion on accountability would lead us into the 
realm of legal and public duties, which is beyond the scope of our report. Just like 
in the political arena, the individuals and entities responsible for the organization of 
participatory activities can be the same, or distinct from, the individual and entities 
accountable for how the outcomes of such activities are integrated into the research 
process. 
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5.2.1 Researchers 


In policy reports on synthetic biology, it is often implied that the people responsible 
for carrying out public participation activities are the researchers. The roles, tasks 
and public images of scientists, however, vary according to discipline, institution, 
state or country. The heterogeneity of expectations and interests has to be taken 
into account. The assessment and assignment of responsibilities should begin with 
a close inspection of the actual situation of scientists in their particular working 
environment. Many researchers understand their task in delivering valid results that 
might improve the situation of certain (patient) groups or consumer groups without 
efforts in designing participatory activities. According to their understanding, time 
is better spent in furthering research. In addition, researchers, who have never had 
experiences in designing and implementing public engagement activities, will likely 
feel wary about their role in carrying out such activities. 

Moreover, ambitions of public participation frequently collide with the realities of 
the research process. Scientists have to raise research funds, are expected to publish 
their results, teach, and engage in national and international collaborations. There 
is often not enough time for participatory projects and time-consuming deliberative 
processes, even if, from a research ethics perspective, it would be sensible to do so 
against the background of the issue characteristics of synthetic biology highlighted 
in Chap. 4. Institutional commitments that pertain to regulatory considerations in 
a field can make it difficult for researchers to know when and where to share their 
ideas. Gene technology, for example, is an innovation-driven research field where 
patenting is a complicated, but highly desired and defining, feature of scientific 
processes, meaning the sharing of knowledge, ideas and results may not always be 
possible under the constraints of patent laws. To present work in progress to a broader 
audience might come at a price in such a highly competitive field of private and public 
interest groups. Furthermore, funding structures and predefined career paths often do 
not allow additional (often time consuming) involvement in participatory activities or 
the development of participatory projects. Structural improvements that would grant 
researchers the time and resources to take part, learn and develop their own project- 
specific objectives and participation designs, supported by hosting institutions and 
regulatory bodies, might foster tighter bonds between science and society. In other 
words, if research institutions, society and policymakers expect researchers to engage 
with the public about their research, there needs to be an open discussion about the 
requirements in relation to infrastructure, skills and incentives to carry out meaningful 
participation activities. Researchers should not be blamed for a lack of participatory 
efforts, if this lack of participation is rooted in legal, regulatory or infrastructure 
constraints. 
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5.2.2 Research Funders 


Research funders set standards for scientific quality, they connect scientists, enable 
scientific progress, they provide funding, and promote innovation. They can play 
a pivotal role in empowering scientists to invest time and resources in deliberative 
processes, public consultations and other formats. They have a responsibility for 
improving public participation by providing researchers with extra funds for such 
activities. Some funders already do this by offering integrated or separate funding 
streams for public participation. Some funders, however, require research teams to 
develop elaborate plans for public participation without offering additional funds, 
or even an acknowledgement that such activities will add time onto the length of 
a research endeavour. Additionally, some funders require public participation plans 
without a reflection of the specific purpose that public participation can serve in each 
instance. This comes back to our earlier discussions about the purposes and types 
of participation. Here, research funders not only have a responsibility to provide 
adequate funding and skills training in public participation, but also to reflect and 
deliberate on the goals of public participation in every application they assess in 
order to ensure that participation can be meaningful. 


5.2.3 Stakeholders 


Stakeholders, ranging from industry partners to civil society organizations and patient 
groups, might have differing, even competing, perspectives on engagement strategies 
and the role of the public(s) in the decision-making process. While industry partners 
or private research institutes might support participation as a form of horizon scanning 
and an authentic marketing asset in promoting synthetic products, they can also be 
hesitant when it comes to deliberative projects that might potentially prolong approval 
and introduction of said products. Civil society organizations have a distinct interest 
in involving the public and to strengthen the legal rights and terms of participation 
of the social groups concerned—as e.g. in the case of synthetic crops and farming. 
However, their calls should be backed by trustworthy evaluation of the needs and 
wants of those affected. All stakeholders have the responsibility to be transparent 
about their objectives in participatory endeavors, and to work with scientists and other 
experts in the field, for example by sending representatives to public and deliberative 
forums and/or to share the knowledge, experience and attitudes of the groups they 
represent within these forums. 


5.2 Responsibility 41 


5.2.4 Legislators and Regulators 


In an ideal scenario of policymaking that acknowledges the importance of evidence 
in informing decision-making, legislators consider scientific information and risk 
assessments as a foundation for regulatory measures. This includes an awareness of 
the complex ethical dilemmas that emerge in the fields of some emerging biotech- 
nologies, and the question of how to communicate them. Public engagement can help 
legislators to get a comprehensive picture of the potential harms, opportunities, and 
ethical concerns that synthetic biology entails. By fostering and enabling structural 
change and opportunities for scientists to invest time and resources into participatory 
activities, legislators would meet their responsibility to ensure that researchers are 
able to identify the wicked problems of synthetic biology in dialogue with the public. 
It is the responsibility of legislators and regulators to provide opportunity structures 
under which participation can thrive. Already in 2010, the European Academies 
Science Advisory Council called upon public policy-makers at national and EU level, 
to consider “their responsibilities for policy issues associated with security, ethics and 
public dialogue—clarifying who else shares the responsibilities” (EASAC 2010, 23). 

In sum, participation can be viewed as part of a prospective precautionary prin- 
ciple, where science and society (together) take the initiative, and hold responsibility, 
to further innovation and research whilst avoiding or mitigating against potential 
harms. There is not just one person, group or stakeholder responsible for meaningful 
participation, but rather different competences, knowledge and experiences need to 
come together in order to facilitate such participation. 

The following Table 5.1 helps to identify steering effects and orientation points for 
future endeavors in the field. The columns “considerations”, “future pathways", and 
“responsibility” emphasize social, ethical and organizational aspects that, when taken 
into account, might offer productive paths to action. The column “responsibility” lists 
authorities and positions that should/could be involved in participatory activities in 
the different focus areas of participation and governance. 

The following illustration combines the dimensions of governance, objectives 
of public participation and the six focus areas. The overview is not prescriptive but 
acquires a heuristic function. The governance dimensions presented here—from hard 
law to aspects of research infrastructure—are interconnected. Certain considerations, 
e.g. with regard to communicative strategies, questions of representation and appro- 
priate resources can be debated for all dimensions and call for a more integrated 
approach. At the same time the objectives of participation are equally dependent on 
the topic, purpose and target of engagement and are not linked to one dimension 
alone (Fig. 5.2). 
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Fig. 5.2 Integrated approach of core ethical values, governance dimensions, objectives and focus 
areas 
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Chapter 6 A) 
Case Study: COVID-19 Vaccine get 
Development 


Abstract When talking about public participation and the regulatory decision- 
making process, it is crucial to think about the right time and purpose to involve 
different stakeholders. The chapter explores circumstantial prerequisites for partici- 
patory approaches on the basis of a more recent case study: synthetically produced 
vaccines against the coronavirus SARS-CoV-2. The COVID-19 pandemic made 
synthetic biology a global issue—in a way that is unprecedented. Yet, its imple- 
mentation also poses questions for participation for future vaccine and drug produc- 
tion: How can and should we engage the public on ethical questions of emerging 
and potentially disruptive technologies during a public health emergency? How do 
certain focus areas, particularly communication and resources, data management and 
training, provide valuable avenues in dealing with future emergency applications of 
SB? 


Keywords Pandemic - COVID-19 - mRNA Vaccine - Synthetic Vaccines - 
Emergency Authorization - Communication * Resources - Training 


The global efforts to find a vaccine against COVID-19 provide an interesting case 
study for how (not) to engage with the public. The state of emergency necessitated 
a deviation from any standard participatory processes that may have been in place 
to accelerate the search for a suitable vaccine. Not only that, but the very nature 
of the pandemic implied that participatory processes were not possible, at least not 
in the beginning of the pandemic and not in person. Despite these circumstances 
concerns for public involvement have become ever more pressing. The accelerated 
pace at which research into, and trials of, new therapeutic and prevention interven- 
tions happened, caused some members of the public to question the trustworthiness 
of outcomes regarding safety, efficacy, and ethics. To put it bluntly, the current frame- 
works for involving the public in research did not withstand the test of crisis. Efforts 
to involve the public(s) in deliberative processes need to be refined in order to make 
them more resistant to crisis situations. Data security and questions of access and 
representation (e.g. in terms of the composition of focus groups, citizens commit- 
tees, consumer or patient groups) are under renewed scrutiny. Policymakers and 
healthcare decision-makers will likely have to invest in established and new forms 
of digital interaction to maintain dialogue with the public. When participation is 
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restricted almost exclusively to the digital realm, we need to ask: What are the (struc- 
tural) prerequisites to enable engagement for everyone? When vaccine development 
happens at “pandemic speed” (Lurie et al. 2020), could and should participation pick 
up the pace? Can it still work as an end-to-end process and potential operating mode 
of governance? 

In September 2022, the WHO listed 172 COVID-19 vaccines in clinical develop- 
ment and 199 vaccines in pre-clinical development (WHO 2022). The types tested 
so far vary from live-attenuated vaccines, inactivated vaccines, subunit vaccines, 
virus-like particles (VLPs), viral vectors (replicating and non-replicating), DNA and 
RNA vaccines. However, 40 out of 172 candidates in development are based on RNA 
technology, making it the second most used platform after protein subunit vaccines. ! 
In one of the most prominent examples, the German company BioNTech and its 
pharmaceutical collaborator Pfizer departed from more traditional methods by using 
a vaccine that contains parts of the genetic code of the virus. The vaccine carries a 
specific synthetically produced stretch of messenger RNA (ribonucleic acid), which 
then is injected into the human body. The cells “read” the mRNA as an instruc- 
tion to build proteins, such as the spike-protein. Consequently, the body begins to 
fight the virus proteins made by our cells and produces antibodies. When Pfizer- 
BionTech submitted its vaccine for FDA approval in 2020, Phase 3 of clinical testing 
demonstrated a 95% efficacy in preventing a COVID-19 infection.” 

Usually it takes 10 years to introduce a vaccine to the market since it requires a 
multi-stage clinical trial process: Preclinical Testing; Phase 1 (Safety Trials); Phase 
2 (Expanded Trails); Phase 3 (Efficacy Trials); Regulatory Review and Approval. At 
the last stage regulators in each country review the trial results and decide whether 
to approve the vaccine or not. During a pandemic, a vaccine may receive emergency 
use authorization before getting formal approval (Thanh Le et al. 2020). BioNTech 
was not the only candidate working with synthetic components or designs. Moderna, 
CureVac and Inovio Pharmaceuticals built upon experimental vaccines containing 
lab-made strands of RNA and DNA. There is another prospective in synthetic biology 
to engineer a universal vaccine that in the future could be more potent and prove 
even more effective against a range of coronaviruses: the nanoparticle approach 
(Shin et al. 2020). 

While the depth of engineering varies, from a sequence of the genetic code to the 
atomic level, synthetically produced material is delivered into the human body (even 


' See the WHO’s “COVID-19 Landscape of novel coronavirus candidate vaccine development 
worldwide", https://www.who.int/publications/m/item/draft-landscape-of-covid- 19-candidate-vac 
cines. 


2 See press release of Pfizer, November 18, 2020: https://www.pfizer.com/news/press-release/ 
press-release-detail/pfizer-and-biontech-conclude-phase-3-study-covid-19-vaccine. In light of the 
competitive spirit between different vaccine candidates new developments in the "race" for a vaccine 
were not surprising but caused irritation: BioNTech and Pfizer announced an efficacy rate of 95% 
shortly after Moderna released their findings which exceeded the number Pfizer had given earlier 
in November 2020. Pfizer’s initial interim analysis showed a protection rate of 90%. The company 
readjusted the numbers just two days after Moderna had published an interim analysis with news 
of an even higher efficacy of 9596: https://investors.modernatx.com/news-releases/news-release-det 
ails/modernas-covid- 19-vaccine-candidate-meets-its-primary-efficacy. 
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the cell) to trigger a certain response. The complex ethical questions connected to 
such research endeavors have to be addressed— just when and how? 

When talking about public participation and the regulatory decision-making 
process, it is crucial to think about the right time and purpose to involve different 
stakeholders and the public(s). The appropriate tool of activation also depends on the 
severity of the problems and issues at hand. Synthetic technologies in cancer therapy 
or the treatment of the HIV-virus trigger different questions, they are also limited 
to certain groups of patients. The COVID-19-pandemic made synthetic biology a 
global issue—in a way that is unprecedented. Despite this, the discussions around, 
and sometimes even the opposition to the newly available vaccines focus on the novel 
make-up of the vaccines but hardly mention the SB technology behind it specifically 
(Paul et al. 2022). In general, “public information on the specific SARS-CoV-2 
antigen(s) used in vaccine development is limited” (Thanh Le et al. 2020, 305). 

But why is it important to raise awareness for the synthetic components of 
vaccines? What is the added value in enabling deliberative processes on the issue— 
especially when time is of essence as in the case of the COVID-19 vaccine 
development? 

Attitudes towards vaccination vary greatly between countries. Vaccine acceptance 
depends on age, gender and social status (Lazarus et al. 2020). Compared to numbers 
in June 2020, public hesitancy towards a COVID-19 vaccine has increased glob- 
ally. Less people would “definitely” get a vaccine primarily due to safety concerns 
connected to an accelerated vaccination development. Most alarmingly, hesitancy 
relates to a lack of trust in the government to make the right decision with respect 
to a new vaccine (Kantar 2020). There is no guarantee that participatory efforts will 
improve trust in institutions and vaccine recommendations (or even mandates), but 
not engaging the public at all, or only in a cursory way, will likely lead to a stalemate 
in the complex society-science relations in times of crises. 

Trust is contextual, it is precarious and should not be taken for granted. In 
certain situations, participation might even endanger trust in medical and political 
authorities. An open deliberative process on the risks of synthetic components might 
jeopardize an already established pipeline and institutional backbone to solve a major 
public health crisis. At worst, it might further destroy trust in current processes 
for developing vaccine and other medical interventions. So one of the major goals 
of participation could be to strengthen the trustworthiness of national and interna- 
tional regulatory organizations such as the STIKO (Standing Committee on Vacci- 
nation), the ZBKS (The Central Committee on Biological Safety) or PEI (Paul- 
Ehrlich-Institut - Federal Institute for Vaccines and Biomedicines) in Germany or 
the EMA (European Medicines Agency) and WHO at a European and interna- 
tional level—especially in view of their common achievements and hard-earned 
agreements. 

Having said this, why should we think about participatory governance as 
rewarding even when it involves risks, high stakes and enormous organizational 
effort? We argue that moments of crisis prove to be vital for long-term effects of 
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participation as a basis for trust in synthetic biology and the emerging biotechnolo- 
gies. Public activation helps to build a sustainable and authentic interest in estab- 
lishing a trustworthy relationship between science, society and regulators (Siewert 
and Dabrock 2020). As synthetic vaccines have proven to be effective, public engage- 
ment can build upon the learnings and the success of mRNA therapies to discuss 
benefits and risks of future applications. To use a real-life event that people around 
the world have experienced and witnessed provides a more tangible approach to 
the often abstract and complex technologies of synthetic biology. The intent here 
is primarily geared towards building trust in the democratic process and decision- 
making in innovation-driven disciplines. It requires careful deliberation of when, and 
for what purpose participation is adequate. 

With respect to vaccination, every threshold offers a potential opportunity of 
interaction. Each step in the process, from the exploratory to preclinical stage, the 
preclinical evaluation to testing, from testing to approval and possibly a change of 
legislation might be an apt moment to involve external expertise and feedback on the 
risks and benefits of vaccines based on synthetic material. In fact, there are a number 
of aspects that require critical attention. The shortening of clinical phases carries 
the risk that delayed side effects may only be detected after the vaccine has been 
widely used (Zylka-Menhorn and Grunert 2020). This in fact might be true for any 
other contagious disease in the future. And although the cost and amount of material 
needed to produce those new vaccines are relatively low compared to other methods 
of development, they require novel development and manufacturing platforms. The 
funding and future (mis)use of those technical infrastructures, however, receives only 
little attention. In this respect, synthetic vaccines relate to fundamental SB issues: 
uncertainty regarding outcome, new infrastructure, and product distribution. 

Ethical questions have to be addressed at the beginning and throughout the whole 
process (Arvay 2020; Jiang 2020). As Jiang stated early on in the pandemic: 


Testing vaccines and medicines without taking the time to fully understand safety risks could 
bring unwarranted setbacks during the current pandemic, and into the future. The public’s 
willingness to back quarantines and other public-health measures to slow spread tends to 
correlate with how much people trust the government’s health advice. (2020, 321) 


In addition, the way different governments handle(d) the COVID-19 pandemic— 
especially with respect to a globally fair vaccine allocation system—will be a “critical 
component of future pandemic preparedness” (Lurie et al. 2020, 1973). In fact, 
the COVID-19 Vaccines Global Access (COVAX) program has already seen a fair 
amount of critique (Taylor 2022). 

The decision to involve the public depends on the objectives of participation 
and the specific contexts for which participation is designed. To inform, consult, 
deliberate, gather and advise at different stages might provide researchers, the 
public and legislators with a certain security in times of (heightened) uncertainty and 
risk. While the established safety and security protocols should remain in the hand of 
experts, a vaccine against a threat like the coronavirus is a concern of public welfare 
and should be handled as such. 
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To gather information is particularly relevant at the exploratory and preclinical 
state. What is being said about vaccine development in news media, public statements, 
social media, in advertising, policy documents or reports? This provides a picture 
of the current debates and helps identify key stakeholders and experts in the field. It 
also involves thoughts on how the information gathered might be evaluated and taken 
into account for the next steps in involving the public(s). 

Consultations might prove to be productive on the acceptance of the synthetic 
design, delayed side effects, possible rapid mutation, (global) distribution of 
vaccine (bioeconomy) and also on novel vaccine development paradigms and the 
corresponding change in regulatory processes. 

Deliberative modes might offer insights on the values and principles of an emer- 
gency authorization, especially at the preclinical state, but also with respect to a fair 
national and global allocation system. 

Information is required primarily during the clinical stage and during review 
and approval processes. External communication should entail details on the candi- 
dates, the different vaccine types, national and global vaccine development, safety of 
novel development and manufacturing platforms, and the distribution of funding. In 
terms of licensing and the recommendations by the regulatory organizations such as 
the STIKO in Germany, broadly disseminated information on the approval process, 
planned global application and future modes of production could improve trust in 
accelerated procedures and the implementing institutions. 

In addition, a detailed analysis of current science communication and the founda- 
tions of digital trustworthiness is particularly pressing in view of the current “info- 
demic” and widespread misinformation throughout the COVID-19 pandemic (see 
Nguyen and Catalan-Matamoros 2020). 

While hard law pertains to laws and regulation, there are other governance dimen- 
sions, which are also closely related to the success of future legislation. How the 
effectiveness of vaccines is being communicated by different stakeholders is also 
essential. The introduction of the AstraZeneca vaccine in Germany serves as a good 
example to illustrate the power of communication in terms of public acceptance. 
AstraZeneca had been discredited early on due to inconsistent messages by regulators 
and the media. The recommendations by the Standing Committee on Vaccination in 
Germany (STIKO) had been more than confusing regarding the tolerability in elderly. 
While the STIKO had first cautioned against its use for people over 65, a revised 
recommendation issued shortly after saw it particularly suitable for elderly people. 
The first message, the supposedly ineffectiveness in the elderly, circulated in the 
media, initiated by the German Handelsblatt in February 2021 (Boytchev 2021). As 
a consequence people began to see the vaccine as the least favourable option among 
the vaccines and began to refuse the jab—while there was no scientific evidence for 
its less effective nature. The actual problem, however, might have been data literacy 
among the stakeholders involved. The chaos in communication was followed by a 
legal dispute between the EU Commission and the manufacturer AstraZeneca over 
supply targets. The EU did not renew the order, as a consequence AstraZeneca was 
used less and less, especially in Germany. 
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The case of AstraZeneca shows that legislators and media have a special respon- 
sibility when it comes to communicating the selected candidates to the public. The 
careful consideration of procedures is not just a matter of regulatory decision-making 
based on scientific evidence under strict safety protocols, but also a question of public 
approval. Are the simplification and acceleration of procedures sufficiently commu- 
nicated and legitimized? How can the shortening of clinical trials and, if necessary, 
the approval of a vaccine be sufficiently justified by the current situation in the context 
of the precautionary principle? Have medical and bioethical questions been consid- 
ered at all stages? Who is currently able to produce vaccines and which suppliers are 
involved (bioeconomy and questions of distributive justice)? How can we ensure a 
continuous critical public discourse that reflects upon emergency use authorization? 
And who is responsible for initiating and maintaining said dialogue? 


Communication and Resources 

The focus of public debates seemed to be on aspects of timing. At the beginning 
the “race” between the candidates was at the centre of attention and not so much the 
scalability of the phenomenon itself—from the specific practical and ethical questions 
of synthetic vaccine development to the greater challenges for biotechnology. Future 
dialogue on these issues requires communication experts (especially for digital forms 
of exchange), resources and a willingness to experiment with different forms of 
participation—an open mindedness that should also reflect in funding structures. 


Data Management 

The current crisis also highlights questions of access and data security since most 
forms of activation would have taken place in the digital realm. Safety issues and 
data management will be one of the biggest concerns in designing and initiating 
future public dialogues. These aspects amplify with an issue of global importance— 
such as vaccination. Here, participatory elements in preparation of the potential 
testing, approval and marketing of a novel product require a heightened sensibility 
for cross-cultural communication and different data management/safety standards. 


Training 

The accelerated search for a vaccine also presents itself as a unique opportunity 
for education in the academic and public debate on wicked problems in the field of 
bioethics. If emerging biotechnologies aim to build a trustworthy framework, they 
should not miss the moment to engage with the public on the justifiability of current 
measures. However, this cannot be the task of the individual researcher or research 
groups and their partners alone. Rather, research councils and federal regulation 
institutions such as the PEI or the EMA should provide platforms of exchange and 
interaction to make sure that everyone involved, including representatives of different 
media outlets, are well aware of their own responsibility to shape the current public 
dialogue on synthetic vaccines. 
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Chapter 7 A) 
Conclusion Get 


Abstract In the conclusion, the authors argue that public participation should not be 
seen as a “one fits all" solution to a “crisis of trust" in emerging biotechnologies, but 
rather as a tool to work on collective visions for the future. To promote a productive 
approach in designing participatory strategies and formats, we need to consider the 
structural prerequisites, the value systems, and the communicative channels that 
enable participation in synthetic biology. The authors offer ten recommendations 
to foster a dialogue on how participation as an effective tool of governance can be 
pursued. 


Keywords Recommendations Governance Synthetic Biology - Participation - 
Responsibility - Trust - Institutional Arrangements 


Dynamic governance approaches need to go hand in hand with a more comprehensive 
perspective on public engagement: Participation is much more than public attitude 
research aiming to secure public acceptance. It holds the potential for securing a 
democratically legitimized innovation governance by being (i) an integral part of 
a precautionary approach, (ii) a decision-making tool for regulatory bodies, (iii) a 
crucial element of a trustworthy and transparent horizon scanning, (iv) a cornerstone 
for an authentic science communication. 

This requires an awareness and willingness on the part of regulatory bodies and 
research institutions, researchers and social interest groups, producers and industry 
to develop holistic frameworks, where public engagement is no longer put on 
the sideline but becomes a valid operating mode of science monitoring and risk 
assessment. 

The literature on synthetic biology considers public participation as an integral and 
potentially guiding element when it comes to the discussion of social and economic 
opportunities and challenges, ethical questions and even in the technological risk 
assessment of SB applications, but reports tend to gloss over the specific purposes, 
frameworks, prerequisites and modi of participation. Most calls for public engage- 
ment mean to tackle the grand (social and ethical) challenges. More and better public 
participation should be accompanied by more and better efforts in evaluation. Espe- 
cially the impact of participation on SB governance (regulatory decision-making) 
still needs further research. 
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Discussions about responsibility seem rather one-sided, since they call upon 
researchers and research institutions to take up their role as guiding (and account- 
able?) council. This role, however, is poorly defined, its structural implications hardly 
considered. As trust is a prerequisite and at the same time goal of engagement, it 
becomes even more important to facilitate structural change and education that allows 
researchers to explore fundamental social, ethical and technological questions. 

Scientists, however, cannot be expected to carry all the weight. According to 
the ETC Group (2012) researchers are not only responsible for establishing an open 
dialogue but are bound to amoral obligation that turns into an enforceable imperative, 
as they “must” report to the communities in which they work, to national govern- 
ments, and to the public via the internet. We would argue that most researchers are 
well aware of their responsibility but simply lack the training and financial and logis- 
tical resources to implement adequate participation events. One of the concluding 
questions of the “Dialogue on SB” illustrates this point: “How do we develop the 
capabilities for scientists to think through responsibilities?" (Bhattachary et al. 2010). 
What does it take for a researcher to act and identify not only as a scientist but also 
as a public engagement practitioner and science communicator? Should and can it 
be the responsibility of one person or council alone? 

Here we would like to extend the notion of responsibility beyond one particular 
position and call to attention the multifaceted structural and cultural set-up necessary 
to incite effective engagement. In this vein, communication in its multifaceted and 
all-encompassing function is much underestimated. This also implies the question 
of who is involved and whose interests are represented. 

There are ideas for institutional arrangements for public engagement, the ELSI 
program of the Human Genome project or various ethics commissions are just two 
examples. It seems, however, that the question of evaluation standards, of respon- 
sibilities, the broad individual awareness about the necessity of public engagement 
and the changes needed in research infrastructures to pursue a sustainable public 
dialogue is still missing. At the same time, we need to be aware of the national differ- 
ences in institutional contexts that shape the expectations and outcomes of public 
engagement exercises in each country. When regulatory and policy frameworks for 
governing emerging technologies are bound to European law, practitioners have to 
consider the spheres in which participatory activities actually make sense and will 
have a substantial effect on governance processes (Hansen 2010). 

Public engagement should not be seen as a ‘one fits all’ solution to a (perceived 
and contested) “crisis of trust”, but rather as a tool to work on collective visions for 
the future that should begin with a close inspection of the status quo, the reality of 
the lab, and the life of those who will be affected. 

In the last section of this brief, we present 10 recommendations to foster a dialogue 
on how participation as an effective tool of governance in synthetic biology might 
be pursued. 
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Chapter 8 A) 
Recommendations Get 


Abstract The authors provide ten recommendations for participation in synthetic 
biology: from questions of distributional justice to communicative efforts via 
resources and training to the technical infrastructure. Looking more closely at the 
structural prerequisites, value systems and educational needs of the stakeholders 
involved in SB governance allow us to acknowledge and deploy participation as a 
context-centered interest and purpose-driven process. 


Keywords Trust - Justice - Translation - Time * Resources - Infrastructure + 
Communication * Evaluation * Training 


As trust is a prerequisite and at the same time goal of engagement, it becomes 
even more important to facilitate structural change and education within research 
institutions that allow researchers and the public(s) to explore fundamental ethical, 
social, technological, and organizational questions of SB governance. 

All stakeholders in SB should consider the distributional justice questions from 
the perspective of their particular space of enunciation. Issues of inequality require 
a structured dialogue that precedes and extends specific project frames and call for 
a broader awareness on all levels of governance. 

Public participation should entail a systematic consideration of the voices and 
needs involved. A precise analysis of benefits and limits of participation requires 
us to ask: Who speaks and what are the fears/concerns/hopes expressed? Moving 
away from an abstract notion of the public(s) allows us to acknowledge and deploy 
participation as a context-centered interest and purpose-driven process. 

Public participation should be considered at all levels of governance: hard law, soft 
law, education, research impact, research infrastructure, depending on the purpose 
of engagement. In this respect, participation is not limited to the communication of 
research output but is seen as an end-to-end principle. 
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An effective participatory approach requires communicative efforts and trans- 
lation at all stages of governance. It needs communication experts to develop, plan, 
coordinate, implement and evaluate public exchange. 

The evaluation of public participation activities in SB should be strengthened in 
order to determine what works well and what doesn’t. Evaluation will also provide 
insights of the relative success of this kind of governance approach in SB. 

Researchers need time and resources to experiment with different modes of 
participation and adequate forms of evaluation to secure the effectiveness of public- 
science interaction. Seed funding and small grants in preparation of bigger projects 
and research designs could provide the starting point for a well-balanced and 
transparent public-science dialogue and can be further used as training grounds 
for (aspiring) researchers to raise awareness for the different opportunities of a 
meaningful and trustworthy engagement. 

Successful participation also depends on a clear and comprehensible assignment 
of responsibilities. The particular role of scientists, facilitators, research institu- 
tions/councils and participants needs to be well defined—especially when it is more 
difficult to mark the limits of commitment and involvement of certain public groups 
(as in the case of DI Y-research). 

Participation should enter the curricula of SB training and study programmes 
within a broader ethical and social context. Training should include the analysis 
of complex ethical questions and wicked problems of SB (and biotechnologies in 
general) and the practical implications of why and how to engage with the public(s). 
Collaborations with experts from different research fields and social contexts are 
appropriate (if not imperative) in view of the interdisciplinary nature of the field and 
the highly sensitive issues it addresses (and aims to solve). 

Besides personnel, research projects need adequate resources for technical infras- 
tructure and supervision when it comes to the implementation of digital partici- 
pation platforms, an effective data management and improvements in data literacy 
(Fig. 8.1). 
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Fig. 8.1 Recommendations 
for participation in synthetic 
biology 
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& TRUST 


Facilitate structural change and education within 
research institutions that allow researchers to 
explore fundamental ethical questions, fostering 
trust in science. 


JUSTICE 


Consider distributional justice questions from every 
perspective involved. Issues of inequality require a 
structured dialogue that precedes and extends 
specific project frames and call for a broader 
awareness on all levels of governance. 


eo © END-TO-END 


Consider participation at all levels of governance: 
hard law, soft law, education, research impact, 

—0 research infrastructure. It can be seen as an end-to- 
end principle, 


COMMUNICATION 


Cur ip Ask communication experts to help develop, plan, 
coordinate, implement and evaluate participation at 
all levels of governance. (Public) participation 
> = requires tailored communicative strategies and 
Interdisciplinary translation. 


© INTEREST AND PURPOSE 


Acknowledge and deploy participation as a context- 
centered interest and purpose-driven process. 
Public participation should entail a systematic 
consideration of the voices and needs involved. 
Who speaks and what are the fears/concerns/hopes 
expressed? 
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(el EVALUATION 


Strengthen the evaluation of public participation 
activities in SB. "Lessons learned" should be made 
accessible for future SB projects. A collectively 
maintained and updated platform for SB projects 
can facilitate the exchange of experiences on how 
to plan and install participatory elements. 


A @ RESPONSIBILITY 
rt Define the particular role of scientists, facilitators, 
research institutions / councils and participants. 
& A & Successful participation depends on a clear and 


comprehensible assignment of responsibilities. 


O TRAINING 
Make particpation an integral part of the curricula of 
2.0.0. SB training and study programmes. Training should 


include the analysis of complex ethical questions 
and wicked problems of SB and the practical 
implications of why and how to engage with the 
publicis). 


ei © resources 


Consider the infrastructure required to provide 
authentic PE activities. Besides personnel, projects 
need adequate resources for technical 

infrastructure and supervision (including data 


security) to guarantee safe and effective digital 
participation. 


EXPERIMENT 


Allow for experimental and error-triendly 
participatory elements in funding guidelines. SB 
research infrastructures should enable scientists to 
implement authentic participatory elements in their 
project designs. This also entails time and resources 
to experiment with different modes of participation. 


